Janos Selye - a half-Hungarian, half-Austrian - endocrinologist exposed rats to a diverse range of acute non-specific nocuous agents in his laboratory at the Department of Biochemistry at the McGill University, Montreal, Canada, and published his first results in a very brief paper in "Nature" on the 4th of July in 1936 \[[@bb0005]\]. He discovered that exposure to cold, tissue injury, spinal shock, excessive muscular exercise, *etc.*, resulted in the same typical syndrome,

independent of the nature of the damaging agent and represented a response to damage. Later he named this "typical syndrome" as stress, for which he was nominated for the first time for a Noble prize in 1949 in Physiology or Medicine. Sixteen more nominations followed, however he never received the reward. Nevertheless, we owe a lot to his discoveries that are not only important in the field of physiology but also provide an important conceptual way of thinking about the pathophysiology of critical illness in general.

More than a hundred years ago Sir William Osler observed that most of his patients, didn\'t seem to die from the infection but rather from the body\'s response to that infection \[[@bb0010]\]. A very similar finding to that of Selye\'s, emphasizing the importance of the "response to damage", known today as the host response. In 1989 Roger Bone\'s group established the term "sepsis syndrome" characterized by a handful of simple systemic responses to infection \[[@bb0015]\]. This concept was expanded and structured by a consensus conference in 1991 where the term "systemic inflammatory response syndrome" (SIRS) was introduced \[[@bb0020]\]. However, SIRS overlooked the fact that these systemic responses are necessary to help us through a certain disease or injury, and these symptoms simply indicate that our immune system has increased its activity in order to conquer the injury, the "acute non-specific nocuous agents" that have attacked our homeostasis. Therefore, it is not the systemic response *per se* that is the problem but rather when it goes out of control. In other words, when the immune response becomes dysregulated the two antagonistic forces of the immune system - the pro-, and anti-inflammation -, lose the ability to act in harmony and the balance between the two becomes imbalanced \[[@bb0025]\]. This concept was acknowledged by Singer et al. in the Sepsis 3.0 definition, and sepsis is now seen as a life-threatening organ dysfunction caused by a dysregulated host response to infection \[[@bb0030]\].

However, a dysregulated immune response is not a privilege of sepsis but can also occur in other infectious or non-infectious insults. Major surgery, multiple trauma, burns, and ischemia-reperfusion injuries can provoke a similar host response as seen in infections \[[@bb0035]\]. Today it is also well acknowledged that not only bacterial but also viral and fungal infections may cause a dysregulated immune response \[[@bb0040],[@bb0045]\].

The terminology has now been adjusted to accommodate this concept: "hyperinflammation", "cytokine release syndrome (CRS)" or "cytokine storm" are becoming routine parts of our vocabulary both at the bedside and in scientific papers. This is similar to the term "vasoplegic syndrome or shock" that is more and more frequently replacing and equivalent to the term "septic shock" in scenarios when there is no pathogen in its etiology \[[@bb0050]\].

Cytokine storm resulting in vasoplegic shock and multiple organ failure is a life threatening condition, which renders the need for full intensive care support. The process can start by any injury and may evolve to multiple organ dysfunction or fulminant shock in case of dysfunctional immune response is depicted in [Fig. 1](#f0005){ref-type="fig"} . Fortunately, most patients will respond to standard medical therapy including resuscitation, source control (if needed) and organ support. However, there is a considerable group of patients who do not show signs of improvement despite all efforts. This is the population in whom adjunctive therapy - such as blood purification with plasma exchange, hemadsorption, convalescent plasma, or other types of immune-modulation, could be considered in order to regain control over the disease and the dysfunctional immune response \[[@bb0055]\].Fig. 1Treatment escalation according to clinical and inflammatory status.DAMP, damage associated molecular pattern; PAMP, pathogen associated molecular pattern; ICU, intensive care unit; SMT, standard medical therapy; EOL, end of life; MODS, multiple organ dysfunction syndrome. Blue boxes indicate the progress, white boxes the possible interventions. For further explanation please see text. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Fig. 1

In the past several adjuvant therapies have been tested, one of them being blood purification. There are a number of modalities such as: hemofiltration, hemoperfusion, intermittent or continuous high-volume hemofiltration, therapeutic plasma exchange (TPE) and hemadsorption. The rationale for blood purification is to eliminate the excessive amounts of pro- and also anti-inflammatory mediators that are released in large quantities due to the dysregulated response, to regain balance in order to re-establish "immune homeostasis". Despite the theoretical promise, these therapies have failed to demonstrate a clear survival benefit in large randomized controlled studies \[[@bb0055]\].

There is increasing evidence that in a subset of COVID-19 patients a very similar cytokine storm or CRS to that seen in septic shock, or in hemophagocytic lymph histiocytosis, occurs \[[@bb0040],[@bb0045],[@bb0060],[@bb0065],[@bb0070]\]. This cytokine storm plays a pivotal role in the widespread inflammation that can cause multi-organ damage in these patients \[[@bb0045]\]. As part of this process acute respiratory distress syndrome (ARDS) can also develop, which is the main culprit for the high mortality seen in COVID-19 patients who require mechanical ventilation \[[@bb0070]\]. Pathology studies have demonstrated that in several cases histological changes are very similar to that of seen in typical ARDS \[[@bb0075]\]. Several authors have proposed that blood purification therapies could thus beneficial effects in the treatment of critically ill COVID-19 patients \[[@bb0045],[@bb0075],[@bb0080]\].

In the current issue of *Journal of Critical Care*, Faqihi et al. reported a prospective case series of 10 COVID-19 patients treated with TPE for severe ARDS who were also in multiple organ failure due to CRS \[[@bb0085]\]. The authors observed that after 5--7 TPE sessions the most important outcome parameters, such as the sequential organ function assessment score (SOFA), the PaO~2~/FiO~2~ ratio, serum lactate, ferritin, D-dimer and interleukin-6 (IL-6) levels significantly improved. The median duration of mechanical ventilation was 9 (IQR: 7--12) days, ICU length of stay was 15 (13−20) days. No adverse events were reported, and 9 out of 10 patients survived until day 28. The authors concluded that TPE may have a potential survival benefit in life threatening COVID-19 conditions.

There are obvious limitations in this study, as with any small sample size case series, however, there several issues worth discussing.

First element is our attitude to collecting and sharing data and experiences during a pandemic, which caught us more-or-less off guard. There are major challenges in situations like this from obtaining consent to actually executing any study. Therefore, prospective randomized trials -- the most important source of evidence generation - are extremely difficult to do for several reasons. Therefore, we were all learning as we went along. This process meant that the number of publications related to COVID-19 was, on some days, around 250, passing 15,000 on PubMed ([www.pubmed.ncpi.nlm.nih.gov](http://www.pubmed.ncpi.nlm.nih.gov){#ir0005}) within less than 2 months that is an unprecedented event in medical history -- with only very few prospective randomized trials. As Derek Angus depicted in a recent viewpoint: "In a rapidly changing pandemic, perfection will be the enemy of the good" \[[@bb0090]\]. Indeed, proper design of a clinical trial on the role of any treatment in COVID-19 could easily take months and result in the complete loss of information as it never had the chance to take off, which is in fact the case with several trials at present.

Unfortunately, from the work by Faqihi et al. we are not sure whether the observed improvement over the 5--7 days was due to TPE or whether these patients would have improved anyway, as there was no control group. One would expect a more rapid response for such an intensive treatment as blood purification. Indeed, two recent studies on extracorporeal cytokine adsorption in septic shock and ARDS reported significant improvement in both clinical and inflammatory markers after just one single treatment \[[@bb0095],[@bb0100]\]. Nevertheless, despite all limitations Faqihi and coworkers taking the time and effort to collect data on a specific treatment in a prospective fashion during these difficult times of the pandemic should be congratulated.

The other issue is that of pioneering something that has not yet been proven. Potentially, there are two ways one can approach the problem: waiting for the evidence to be generated, or generating it yourself. This is especially true for adjunctive therapies in critically ill patients were blood purification is a perfect example of this. Without any clear evidence, blood purification technologies, like extracorporeal cytokine adsorption, have been accepted by several authorities \[[@bb0105]\], and already more than 800 COVID-19 patients worldwide have been treated with the CytoSorb device.

Given the devastating consequences of COVID-19 efforts to increase our understanding of the disease and unfold the possibility of alternative therapeutic interventions remains important and should be encouraged. The results presented by Faqihi et al. \[[@bb0085]\] underline the potentially catastrophic role of unrestricted inflammation in these patients and reports on their positive experience and treatment safety. In accordance with this, some authors believe that controlling/attenuating the inflammatory response may be as important as targeting the virus itself \[[@bb0045]\]. A similar opinion was articulated by Brouwer and coworkers recently \[[@bb0095]\]. They suggested that as septic shock originates primarily from the dysregulated host response and not the pathogen *per se*, these patients in refractory septic shock may benefit more from cytokine adsorption therapy than antibiotics alone. Therefore, robust randomized controlled trials are needed. Fortunately, there are many clinical trials in the blood purification domain registered on [ClinicalTrials.gov](http://ClinicalTrials.gov){#ir0010}, hence answers are about to come, hopefully sooner rather than later.
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